Over the past five years, we in the physics department at Texas State University have reformed our calculus-based introductory sequence by implementing a Learning Assistant program, introducing researchbased instructional methods, and increasing faculty professional development and instructional mentoring. Students in all sections of these courses now spend a significant portion of class time in small groups, often working through materials from the curricular supplement "Tutorials in Introductory Physics." Over this time, students' normalized gains on the Force Concept Inventory (FCI) have increased dramatically and the DFW rate (the percentage of students receiving a grade of D or F, or Withdrawing from the course) has been cut in half. In addition, we have seen that FCI gains for individual faculty increase gradually over several semesters, for both novice and experienced instructors. These data suggest the need for patience with programmatic reform efforts, and for stability in instructor-course assignments.
I. INTRODUCTION
The calculus-based introductory physics course sequence at Texas State University (TXST) has been restructured over the past five years to include research-based curriculum and instructional methods with support from trained undergraduate Learning Assistants (LAs). The TXST LA program was created in 2012 based on the model developed at the University of Colorado (CU) Boulder [1] and the successful LA program at Seattle Pacific University [2] . We have previously reported on the impact of these changes on students who serve as LAs [3] ; in this study, we analyze data gathered over 13 semesters documenting the impact on students in the LA-supported courses.
Our data are consistent with the well-established positive impact of research-based curriculum and interactive instructional methods (e.g., [4, 5] ). In addition, as previously shown with data from large-scale implementation of course reforms at CU-Boulder [6] , our data show instructor improvement over time.
II. CONTEXT A. Institutional growth
TXST is a Hispanic Serving Institution (HSI) with an enrollment of approximately 39,000 students in Fall 2016, of whom 34,000 were undergraduate students. The university has grown rapidly in recent years, increasing enrollment from approximately 28,000 in 2007, (24,000 undergraduates). During the decade from 2007 to 2016, the number of students in the TXST College of Science and Engineering has more than doubled (from 3,000 to 6,200), with especially fast growth in the recently- 
B. Physics department instructional reforms
The calculus-based introductory physics sequence at TXST primarily serves students majoring in physics, chemistry, and engineering. Physics faculty have been using the Force Concept Inventory (FCI) [7] to assess student conceptual learning in the introductory calculusbased mechanics course (hereafter referred to as "mechanics") since Spring 2011. The current study is based these data.
In Spring 2012 we piloted an LA program in one section of mechanics. The program expanded to serve all sections of mechanics in Fall 2012, and over the following three semesters expanded to serve all sections of all three courses in the calculus-based introductory sequence. All faculty who teach in this course sequence receive LA support.
Students enrolled in mechanics attend regular class sessions ("lecture") for three hours each week, and attend a weekly three-hour laboratory. Most laboratory sections are taught by undergraduate students. Prior to 2012 both lab and lecture were traditionally taught, with primarily verification experiments in the lab and instructor-delivered lecture during class sessions. The course does not have an associated recitation section. In the interests of space we will not describe the demographics of the course here; this information can be found in ref. 3.
LA program implementation
Because the mechanics course structure does not include a recitation section, LA support for interactive reforms was implemented primarily in the lecture sections, mostly through the introduction of Tutorials in Introductory Physics [8] and other similar materials. From three to five LAs assist in each section, depending on student enrollment. In addition to assisting in class, many LAs staff the Physics Help Center, a walk-in tutoring center located near physics faculty offices that was created shortly after the introduction of Tutorials. The lab curriculum was also modified in 2012 to include tutorials in selected weeks, and the physics department preferentially hires LAs as lab instructors; all mechanics labs are now taught by current or former LAs.
The TXST LA program structure includes collaboration across sections and courses: all physics LAs and LAsupported faculty meet for weekly content preparation sessions at the same time, and begin together in the same room, before splitting up by course to prepare for instruction. Some LAs assist in multiple sections of the same course, working with different instructors. In addition to supporting a sense of community among LAs, this creates a structure for faculty collaboration and mentoring, described below.
Instructor collaboration and mentoring
The LA program structure creates a constraint on faculty pacing: all LAs prepare for the same instruction at the same time. While instructors have significant freedom in shaping their use of class time, all instructors are expected to complete the same set of tutorials and to follow approximately the same pacing. They are additionally encouraged to use research-based instructional strategies beyond tutorials.
Mechanics faculty hold a brief (15-30 min.) weekly meeting before the preparation session to discuss progress; this meeting provides a regular context for faculty to discuss classroom issues, and for less experienced instructors to receive mentoring from colleagues. This has been an important mechanism for supporting novice instructors and faculty who are unfamiliar with researchbased instructional methods and curricular materials.
III. METHODS

A. Conceptual learning gains
The FCI was administered as a pretest very close to the start of the semester, and as a posttest at some time after completion of instruction on Newton's Laws. The specific timing and format of the posttest administration was left up to individual instructors. For most semesters, the assessment was completed using paper and pencil either in class or in lab. Starting in Spring 2016, faculty had the option of administering the FCI online using the LASSO tool provided by the Learning Assistant Alliance. Incentives given for completing the FCI varied by semester and by instructor.
FCI data were filtered so that only data from students who had both a pretest and a posttest score were used in the analysis. The normalized gain (<g>) was calculated using the formula [4] :
represents the mean score on either the pre-or posttest. (For analysis of these data comparing <g> to the Cohen's d effect size, see [9] .)
B. Student failure rates
DFW rates (the fraction of students receiving a grade of D or F, or Withdrawing from the course) were calculated for each section and by semester using institutional research data. Grades of I (Incomplete) were excluded from these calculations. While a grade of D counts toward graduation, it does not fulfill prerequisite requirements, therefore most students who receive a D grade in mechanics (or other major courses) must re-take the course. The overall DFW rate for each semester was calculated using a weighted average of course section DFW rates.
IV. RESULTS & DISCUSSION
A. Enrolled student population Table I shows the number of students enrolled in mechanics each semester over the six years of FCI data collection, and the number who completed each FCI administration. Note that the total number of students per semester has more than doubled since 2011. In order to determine whether the average preparation of the students enrolled in mechanics had changed over this time, we plotted FCI pretest scores by semester, averaged over all matched students (see Figure 1) . Based on this plot, we approximate student preparation for the mechanics course as stable over the time span of our data collection. 
B. Impact by semester
We examined the overall trend in student conceptual learning, as measured by <g>. As shown in Figure 2 , average student learning gains in 2011, prior to LA program implementation and associated course reforms, were below the <g> = 0.22 average for lecture-based instruction found by Von Korff et al. in their meta-analysis of data from 50K students [5] ; in all semesters subsequent to LA program implementation, average <g> has exceeded this figure, and in several semesters has exceeded the <g> = 0.39 average for interactive engagement instruction [5] . Error bars in Figure 2 represent the 95% Confidence Interval for each semester, calculated by finding the pooled standard error of the average normalized gain <g> (see [10] ) and multiplying by 1.96. The increase is not monotonic; we will discuss the variation in the post-reform data in the next section. Figure 3 shows the mechanics DFW rate by semester, beginning in Spring 2011. (Note that the high DFW rate in 2011 is not representative of the long-term trend before LA program implementation-these numbers were unusually high for the course. From 2003 to 2010, typical DFW rates were between 25% and 40%.) The overall downward trend in DFW rate, in combination with the upward trend in <g>, provides evidence that the course reform effort has succeeded in improving students' experience of mechanics.
One notable feature of Figure 2 is the timescale: the average <g> continued to increase over several semesters after course reforms were first implemented in Spring 2012. Also, as mentioned above, the trend is not uniform over time: <g> decreased for three consecutive semesters beginning in Spring 2015, then increased again. In order to examine the variation in <g> more closely, we analyze the student data grouped by instructor and course section below. 
C. Analysis by course section and instructor
Over the six years since we began FCI data collection, a total of 12 instructors have taught at least one section of mechanics, including lecturers and tenured or tenure-track professors. Some instructors had little or no prior teaching experience, while others had been teaching for many years; instructors' initial knowledge of research-based instructional strategies ranged from none to extensive experience in this area. As can be seen by the trend lines in Figure 4 , nearly all instructors' average <g> increased over multiple semesters, in some cases quite dramatically. This is true both for instructors who began teaching the course before instructional reforms were implemented, and for those who began when the LA program was wellestablished. Similarly, Figure 5 shows that nearly all instructors experienced a downward trend in DFW rate over time. This strongly suggests that instructors become more effective users of research-based curriculum and methods as they gain experience, which has implications both for instructional assignments and for expectations of timescale for reform efforts.
The impact of instructor experience also provides insight into a possible cause of the dip in average <g> between 2014 and 2016: over this time span, the instructors for the course changed almost entirely. As the new instructors gained experience, the learning gains began to increase again. 
V. CONCLUSIONS
Because these data were not experimental, it is not possible to identify causal mechanisms for the observed positive changes. A number of factors changed during the time interval studied in parallel with the instructional reforms; in addition, students do not choose course sections at random, as suggested by the variation between sections shown in Figures 4 and 5 . In spite of these limitations, the relationship between instructor experience (in the context of reformed courses) and student success is relevant for departments implementing course reforms. Our findings strongly suggest that persistence with reforms is rewarding, and also that instructor experience matters. These findings have implications for staffing practices, and demonstrate the value of long-term systematic data collection for programmatic improvements.
